A novel bacterial strain, designated WSJ-1 T , was isolated from geopark soil in Gansu province, PR China. 
The genus Nocardioides was first described by Prauser with Nocardioides albus as the type species [1] . This genus belongs to the phylum Actinobacteria, the class Actinobacteria, the order Actinomycetales and the family Nocardioidaceae. So far, 102 species have been identified within this genus (www.bacterio.net/nocardioides.html). Nocardioides strains have been isolated from diverse samples, such as soil [2] [3] [4] [5] , glacier [6, 7] , sediment [8] , beach sand [9] and water [10] [11] [12] . Members of the Nocardioides are Gram-stain-positive, aerobic, coccus-or rod-shaped, with high DNA G+C content (64.9-74.6 mol%) [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] . Menaquinone MK-8 (H 4 ) is the major respiratory quinone and LL-diaminopimelic acid is the diagnostic amino acid of the peptidoglycan [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] . The fatty acid includes branched-and straight-chain fatty acids, and iso-C 16 : 0 is the dominant fatty acid [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] . The major polar lipids are phosphatidylglycerol (PG), diphosphatidylglycerol (DPG) and/or phosphatidylinositol (PI) [3, [5] [6] [7] 12] . In this study, a potential novel Nocardioides strain WSJ-1 T was isolated from geopark soil and used for polyphasic analyses.
Strain WSJ-1 T was isolated from soil of Shuping Danxia National Geopark (36 15¢ 25.03¢¢ N, 103 32¢ 13.65¢¢ E) in Lanzhou city, Gansu province, PR China. The soil was suspended in 0.85 % saline and serial dilutions were spread on Reasoner's 2A (R2A) agar. After 7 days of aerobic incubation at 28 C, a creamy white colony, designated WSJ-1 T , was picked. The strain was purified after several sub-cultivation cycles and stored at À80 C in 25 % glycerol.
Genomic DNA of strain WSJ-1 T was extracted and a nearly complete 16S rRNA gene sequence was amplified using 16S rRNA gene primers 27F and 1492R according to Fan et al. [14] . The purified PCR product was cloned into pGEM-T (Promega) vector and sequenced using primers T7 and SP6. The obtained 16S rRNA gene sequence (1478 bp) was compared with the sequences available in EzTaxon-e server using EzBioCloud [15] . Neighbour-joining (NJ) [16] , maximum-likelihood (ML) [17] and maximum-parsimony (MP) [18] trees were reconstructed using MEGA version 6.0 [19] with the bootstrap of 1000 replications [20] . To calculate the evolutionary distances, the algorithm of Kimura's twoparameter model was used [21] . For genome analysis, DNA was fragmented by ultrasonication, and a shotgun library was reconstructed using a TruSeq DNA Sample Prepare kit (Vazyme Biotech). Pair-end sequencing was performed on an Illumina Hiseq X platform. Post-filtered reads were assembly using SPAdes version 3.11.1 to obtain a draft genome (Frasergen).
On the basis of 16S rRNA gene sequence analyses, strain WSJ-1 T exhibited the highest 16S rRNA gene sequence similarities to Nocardioides sediminis MSL-01 T (97.10 %), Nocardioides aquiterrae GW-9 T (97.08 %) and Nocardioides terrigena DS-17 T (96.94 %). Phylogenetic trees based on the NJ (Fig. 1) , ML (Fig. S1 , available in the online version of this article) and MP (Fig. S2) .0)). The NaCl tolerance (0, 0.5, 1.0, 1.5, 2, 2.5, 3, 3.5, 4, 5, 6, 7, 8, 9, 10, 11, 12 %, w/v) was investigated in R2A broth for 7 days. The growth on different media (LB, Luria-Bertani; TSB, tryptic soy broth; NA, nutrient agar) were determined at optimum conditions for 7 days. Anaerobic growth was determined by incubation in an anaerobic chamber with an O 2 -absorbing agent (Anaero-Pack, Mitsubishi Gas Chemical) for 2 weeks. Oxidase activity was determined using 1 % (w/v) tetramethyl-b-phenylenediamine [23] and catalase activity was tested by assessing bubble production in 3 % (v/v) H 2 O 2 . The production of aerial mycelium was tested using the coverslip culture technique [24] on R2A agar and glucose-asparagine agar at 28 C for 2 weeks, and samples were taken every 2 days for observing aerial mycelium under light microscope. Hydrolyses of starch, gelatin, casein, cellulose and Tweens 20, 40, 60 and 80, and phenylalanine dehydrogenase were determined as described by Smibert and Krieg [25] . Degradation of xanthine and hypoxanthine were also investigated. Production of hydrogen sulfide and indole, and the methyl red and Voges-Proskauer tests were conducted as depicted as Dong and Cai [26] . Sole carbon utilization and acid production from various carbohydrates were implemented using traditional methods [26] . Additional biochemical characteristics were detected with API 20NE and API ZYM kits (bio-M erieux) according to the manufacturer's instructions. The 
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API 20NE test was examined after incubation at 28 C for 4 days. The API ZYM test was observed after incubation at 28 C for 6 h.
Cells of strain WSJ-1 T were Gram-stain-positive, aerobic, non-spore-forming, non-motile and non-flagellated rods (0.3-0.8Â1.0-2.0 µm) (Fig. 2 ). Colonies were creamy white, smooth and circular after incubation for 7 days on R2A plates at 28 C. Strain WSJ-1 T did not form aerial mycelium in the same conditions as N. albus formed them. The growth of strain WSJ-1
T was observed at a temperature range from 16 to 42 C (optimum at 28 C), and a pH range from 6.5 to 7.5 (optimum at 7.0). It grew well in R2A but did not grow in other media. It could tolerate up to 1.0 % NaCl (optimum 0 %, w/v) in R2A medium. Strain WSJ-1 T showed a positive reaction for H 2 S production and catalase, but was negative for indole production, oxidase, phenylalanine deaminase, methyl red and Voges-Proskauer tests. It could hydrolyse starch, urea and xanthine, but could not hydrolyse the Tween series, gelatin, casein, cellulose and hypoxanthine. The comparison between strain WSJ-1 T and the closely related strains is shown in Table 1 . Strain WSJ-1 T showed unique characteristics that were different from the other strains in phenylalanine deaminase, hydrolysis of casein, gelatin and urea, and utilization of L-arginine.
DNA-DNA hybridization experiments between strain WSJ-1 T and N. sediminis JCM19559 T and between strain WSJ-1 T and N. aquiterrae JCM11813 T were performed using the thermal denaturation and renaturation method [27] . The average nucleotide identity (ANI) between strain WSJ-1 T and the most closely related strains N. terrigena KCTC19217 T (GenBank accession no. PZYY01000001.1) and N. sediminis KCTC19271 T (GenBank accession no. PZYZ01000001.1) were calculated using ANI calculator in the EzBioCloud web service (www.ezbiocloud.net/tools/ani) [15, 28] . The respiratory quinones were analysed by HPLC [29] . The isomer type of diaminopimelic acid in the cellwall peptidoglycan was determined by TLC [30] . The polar lipids of strain WSJ-1 T were examined by two-dimensional TLC [13] . Whole-cell fatty acid compositions of these strains were extracted from cultures at logarithmic phase using the quadrant streak pattern (Sherlock Microbial Identification System, MIDI) and analysed by HPLC according to the protocol of MIDI (version 6.1 and TSBA library version 6.1) [31] .
DNA-DNA relatedness values between strain WSJ-1 T and N. sediminis JCM19559 T and N. aquiterrae JCM11813 T were 44.8 and 29.2 %, respectively, and the ANI values between strain WSJ-1 T and N. terrigena KCTC19217 T and between strain WSJ-1 T and N. sediminis KCTC19271 T were both 78.83 %, which were clearly lower than their thresholds (DDH, 70 %; ANI, 95 %) for prokaryotic species delineation [22, 32] . MK-8(H 4 ) was the major respiratory quinone and the cell-wall peptidoglycan contained LL-diaminopimelic acid, and these results were similar to the other species of the genus Nocardioides [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] . The major fatty acid profile of the strain included iso-C 16 : 0 , C 18 : 1 !9c and C 17 : 1 !8c (>10 %), which was similar to the other Nocardioides strains ( Table 2) . Polar lipid analysis revealed the presence of PG, DPG and PI of strain WSJ-1 T which was different from the most closely related strain, N. terrigena JCM14582 T [PG, DPG, PI, aminophospholipid (APL) and three unknown lipids (L1-3)] (Fig. S3) . The DNA G+C content was 70.9 mol% based on whole genome analysis.
In summary, strain WSJ-1 T shared many features with the other members of the genus, including phenotypic, chemotaxonomic and phylogenetic characteristics. All these characteristics supported that strain WSJ-1 T belonged to the genus Nocardioides. However, the 16S rRNA gene similarity, the level of DNA-DNA relatedness and genomic ANI values, the polar lipids, hydrolyses of casein, gelatin and 
Phenylalanine deaminase -
Hydrolysis of:
Utilization of:
Acid production:
API ZYM tests: urea, and utilization of L-arginine, indicated that strain WSJ-1 T was distinct from the previously described Nocardioides species. Therefore, strain WSJ-1 T is considered to represent a novel species of the genus Nocardioides, for which the name Nocardioides gansuensis sp. nov. is proposed.
DESCRIPTION OF NOCARDIOIDES GANSUENSIS SP. NOV.
Nocardioides gansuensis sp. nov. (gan.su.en¢sis. N.L. masc. adj. gansuensis, belonging to Gansu province where the type strain has been isolated).
Cells are Gram-stain-positive, aerobic, non-spore-forming, non-flagellated and non-motile rods (0.3-0.8Â1.0-2.0 µm). After incubation for 7 days at 28 C, colonies grown on R2A agar plates are creamy white and 1-2 mm in diameter. Aerial mycelium is not formed. Growth occurs at C (optimum at 28 C), at pH 6.5-7.5 (optimum pH 7.0) and in the presence of 0-1.0 % (w/v) NaCl with optimum growth of without the addition of NaCl. Oxidase and phenylalanine deaminase are negative, but catalase is positive. Positive for H 2 S production but negative for indole production, nitrate reduction, methyl red test and Voges-Proskauer test. Hydrolysis of starch, L-arginine, urea, xanthine and aesculin ferric citrate are positive, but not casein, gelatin, cellulose, 
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